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LOW CARBON HIGH SPEED 

METAL WIRE 

Background of Invention 

[0001] The present invention relates generally to gas metal arc welding. More particularly, 
the present invention relates to a composition and properties of a family of 
consumable electrodes for gas metal arc welding of carbon steels. 

m [0002] The growing demand for increased electric arc welding productivity calls for 

83 continuing efforts to reduce welding time while improving productivity of structural 

yi fabrication, especially for the robotic applications. In order to operate a robotic welder 

l y s at its maximum capacity, welding consumables should be able to provide good 

welding beads at the maximum travel speed without increasing the number of welding 

ft defects. One of the approaches to improve the productivity and reduce the welding 

f 5 ; time would be to increase the deposition rate and travel speed for a given weld size. 

q Unfortunately, it often happens that an increase in a travel speed of a welding process 

Iy is accompanied by an increase in the number of welding defects. 

[0003] 

Another approach to solving the problem is to try to manipulate the composition 
and structure of a welding electrode to change its properties in such a way that the 
deposition rate and travel speed of a welding process will increase advantageously. 
The electric arc welding process often uses metal consumable electrodes in the form 
of tubular welding wires. These metal core welding wires are usually made of 
generally tubular composites having a metal sheath and a core made of various 
powdered materials. The known tubular types of wires can be classified as metal core 
wires or flux-core wires. Metal core wire electrodes, with relatively simple chemical 
composition and known metallurgy, have a high deposition rate and high deposition 
efficiency while producing less slag, and, therefore, are increasingly used as an 
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alternative to solid or conventional flux core wires for improved productivity in 
structural fabrication. If higher deposition rates exhibited by metal core wires could 
be combined with a high travel speed and a good quality welding bead, a welding 
electrode having such a metal core wire would greatly increase the productivity of arc 
welding used in many applications in the automotive, shipbuilding and general 
fabrication industry. 

[0004] Conventional metal core wires of the type described in a number of U.S. Patents 
relate to different types, structures or combinations of elemental composition of 
welding electrodes. For example, U.S. Patent 3, 656,918, relates to an alloy suitable 
for use as a weld-filler material with about 2% of Mo as one the alloying elements in 
combination with Cr and Ni. U.S. Patent 3, 635,698 relates to a weld-filler metal made 
of a low alloy steel alloyed by a combination of Ni, Cr and Mo. U.S. Patent 4,782,21 1 
relates to a cluster welding electrode assembly having a rod covered with a flux 
alloyed by defined amounts of Mo and W. That Patent mentions that controlled 
amounts of tungsten, preferably in the form of a ferrotungsten alloy, appear to modify 
the working characteristics of the weld metal. U.S. Patent 5,523,540 relates to a 
welding electrode of a composition within certain elemental composition ranges. The 
welding electrodes of that Patent form weld deposits with a low carbon bainitic ferrite 
microstructure of sufficient strength for welding high-strength steels. U.S. Patent 
5,824,992 relates to a metal-core wire with a core composition between 
approximately 2.5-6.0% or 2.5-12% of the total weight of the metal-core wire. 

[0005] Manufacturing of a metal core wire normally involves forming, filling and then 
drawing or rolling the wire. First, a steel sheath is formed and bent into a U-shape 
tube, then an amount of metal powder, such as iron powder, is fed into the U-shaped 
tube. The subsequent forming and drawing process encloses and compacts the 
powder to form a wire and reduces that wire to its final shape. If an improved metal- 
core wire with a higher deposition rate and travel speed manufactured as described 
above could be provided, the productivity of the robotic arc welders could be 
significantly increased. 

[0006] 

It is therefore an object of the present invention to provide a metal core wire and a 
method of manufacturing such a wire allowing an 1 5-20% increase in the deposition 
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rates. 



[0007] It is also an object of the present invention to provide a composition of a metal 
core wire electrode leading to a 45-50% increase in the welding electrode travel 
speed. 

[0008] It is also an object of the present invention to provide carbon steel composite core 
wires exhibiting a combination of high melting points and appropriate surface tension 
of the molten wire, which combination leads to a high deposition rate and travel 
speed in the welding process. 

Summary of Invention 

[0009] The present invention is a weld wire comprising a sheath encapsulating a metal 
core made of powdered metal, wherein a fill percentage of the metal core is no less 
than approximately 1 2%. The metal core comprises a core composition alloyed with an 
alloying element or an combination of elements comprising Cr, Mo, V, W, Hf and Nb or 
combinations thereof, wherein a total weight percentage of the alloying element or 
the combination of elements in the core composition does not exceed approximately 
1%. In a particular embodiment, the alloying element is Mo in the amounts selected 
from the range of about 0 to about 0.5 percent by weight and the fill percentage of 
the metal core is selected from the range of about 1 2% to about 30 %. In a particular 
embodiment of the invention, the total percentage of the combination of elements is 
selected from the range of about 0.4% to about 0.8%. 

[0010] 

To achieve a 1 5-20% increase in the deposition rates of the wires, the present 
invention provides a sheath encapsulating a steel core having a core fill percent of 
more than 1 2% and the steel core having a composition comprising an alloying 
element selected from the group consisting of Cr, Mo, V, W, Hf and Nb and 
combinations thereof. The deposition rates of such wires increases with the increase 
of the core fill percent, when the wire is used in the welding process. In particular, the 
deposition rate increases from about 1 5 Ib/hr for the core fill percent of about 1 2% to 
the deposition rate of about 20 Ib/h for the core fill percent of about 30%. In 
particular embodiments, a total weight percentage of Mo varies from about 0% to 
about 0.4%, and a total weight percentage of an alloying element does not exceed 
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approximately 1%. 

[001 1] To achieve a 40-50% increase in the travel speed, the wire of the present invention 
comprises a sheath encapsulating a metal core, wherein a core fill percent of the 
metal core is higher than 1 2%, the metal core having a composition alloyed with an 
alloying element or an combination of elements comprising Cr, Mo, V, W, Hf and Nb or 
combinations thereof, wherein a total weight percentage of the alloying element or 
the combination of elements in the core composition does not exceed approximately 
1%, and wherein a travel speed of the weld wire when used in welding ranges from 
about 65 in/min to about 1 45 in/min. The travel speed of the wire when used in 
welding can be characterized via a maximum travel speed ranging from about 80 
in/min to about 145 in/min for the core fill percent ranging from about 1 2% to about 
30 %. The maximum travel speed of the wire measured during the welding 

^ experiments of the present invention corresponded to the composition comprising a 

~j percentage of Mo ranging from about 0% to about 0.4%. 

f« [001 2] A method of manufacturing a weld wire comprises forming a sheath into a shape 
5 y which can be filled with a metal powder; filling the sheath with the metal powder, the 

metal powder having a composition alloyed with an alloying element or an 
!^ combination of elements comprising Cr, Mo, V, W, Hf and Nb or combinations thereof, 

M= wherein a total weight percentage of the alloying element or the combination of 

S elements in the core composition does not exceed approximately 1%. Further in the 

ni manufacturing process the metal powder is compacted to form a metal core; and the 

wire is drawn to achieve a core fill percentage of the metal core no less than 1 2%. 
According to the invention, the core fill percentage ranges from about 1 2% to about 
30%, the alloying element is Mo ranging from about 0% to about 0.4 %. The total 
weight percentage of the combination ranges from about 0.4% to about 0.8%. 

[001 3] These and other objects, features and advantages of the present invention will 

become more fully apparent upon consideration of the following detailed description 
of the invention with the accompanying drawings. 

Brief Description of Drawings 

[0014] Fig. 1 is a sectional view of a metal core wire. 
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[0015] 



Fig. 2 is a graph illustrating the voltage-wire feed speed relationship. 



[0016] Fig. 3 is a graph illustrating the relationship between deposition rates and core fill 
percentages. 

[001 7] Fig. 4 is a graph illustrating the relationship between transfer frequencies and 
core fill percentages. 

[001 8] Figs. 5(a) - (h) are the photos of the welding specimens provided in Table 5. 

Detailed Description 

[001 9] The present invention comprises is based on a metal core wire of a mild steel 

metal core of Fe, Mn and Si, wherein Mn and Si are the main alloying elements. A more 
detailed composition of the wire is provided in Table 1 , which composition 
U corresponds to the E70C-6C type electrode of the American Welding Society (AWS) 

m specification A5.1 8. 

fz [0020] Table 1 . Conventional low carbon steel metal core electrode weld metal 
fU composition (AWSA.5.1 8) 

7 [tl] 

^ Table 1 



Elemental Composition 


AWS A5.18 


Mn 


Up to 1.7 


Si 


Up to 0.9 


Cu 


Up to 0.5 


S 


Up to 0.03 


P 


Up to 0.03 


Fe 


Balanced 



The main function of Mn and Si in such wires is to deoxidize the metal deposited 
during the welding process and to modify the microstructure of the deposited metal 
to obtain the desired mechanical properties. Additionally, Si increases bead wetting, 
therefore, improving the weldability of the deposited wire. As provided in Table 1 , 



APP ID=09683523 



Page 5 of 25 



small amounts of metallic and non-metallic additions (Cu, S, P) to the metal powder 
stabilize the arc and reduce the amount of diffusible hydrogen during the welding 
process. The metallic fraction in a wire electrode is normally no less than about 95 Wt 
% of the total weight of the electrode, while the weight of the core composition falls 
within to the range of about 1 0 Wt % to about 20 Wt % of the total wire weight. 

[0022] The metal core wire of the present invention is characterized by a specific 

elemental composition which reduces the surface tension of the molten weld metal of 
the composite wire described in the previous paragraph. The reduction in the surface 
tension occurs due to the alloying of the core composition of the wire with a single 
addition or combination of Cr, Mo, V, W, Hf and Nb. The reduced surface tension 
helps spread the molten weld metal in the arc gouge area - the portion of a base 
metal that has been melted by the arc, but which has not been filled with the molted 

~S weld or a filler metal yet. A composition for the metal core electrode wire of the 

0j present invention is provided in Table 3. 

in [0023] Table 3. (The total percentage of Cr, Mo, W, V, Hf, and Nb not to exceed 1%) 

|ij [0024] Elemental composition for the metal core electrode weld metal composition of the 
rj present invention. 

£ [t2] 

6 Table 3 



Mn 


Up to 1.7 


Si 


Up to 0.9 


Hf 


Up to 0.5 


Cr 


Up to 0.5 


Mo 


Up to 0.5 


W 


Up to 0.5 


V 


Up to 0.5 


Nb 


Up to 0.5 


Cu 


Up to 0.5 
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s 


Up to 0.03 


p 


Up to 0.03 


Fe 


Balanced 



[0025] Another reason to alloy the metal core wire electrode with a single addition or a 
combination of Cr, Mo, V, W, Hf and Nb is the increase in the welding speed occurring 
due to the increase in the freezing range of the molten weld (and, therefore, the 
decrease in the solidification rates). Since high travel speeds lead to high solidification 
rates, the molten weld is usually can not completely fill the gouge due to an 
insufficient time available for such filling, resulting in the creation of undercuts, 
humps and other defects that can be formed in the arc gouge area. Increasing the 
freezing ranges of the wires, as achieved in the present invention, improves the 
4f wetting of the base metal and slows down the solidification process, allowing enough 

01 time for the molten weld to better fill the gouge. Examples of the experiment wires 

r\ and their compositions are provided in Table 2. In particular, the experimental wires 

yl are alloyed with various percentages of Mo ( about 0%, about 0.2% and about 0.4%) 

y while having fill percentages varying from 1 2 % to 30%. 

O [0026] Table 2: Experi mental wires (Dia-1 .4mm) and their compositions! 
U [t3] 

Table 2 





Fill% 


C 


Mn 


Si 


Ni 


Mo 


Test 067 


12 


0.041 


1.437 


0.549 


0.018 


0.026 


Test 068 


18 


0.028 


1.394 


0.540 


0.028 


0.027 


Test 069 


24 


0.025 


1.693 


0.662 


0.032 


0.032 


Test 070 


30 


0.024 


1.018 


0.325 


0.033 


0.030 


Test 066 


12 


0.043 


1.314 


0.497 


0.016 


0.219 


Test 056 


18 


0.033 


1.256 


0.456 


0.022 


0.196 


Test 058 


24 


0.027 


1.183 


0.428 


0.023 


0.206 


Test 059 


30 


0.031 


1.320 


0.456 


0.021 


0.192 
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Test 071 


12 


0.021 


1.278 


0.419 


0.016 


0.403 


Test 072 


18 


0.039 


1.246 


0.456 


0.019 


0.421 


Test 073 


24 


0.036 


1.275 


0.489 


0.016 


0.418 


Test 074 


30 


0.035 


1.173 


0.414 


0.020 


0.415 



[0027] it should be understood that while the presented experimental results pertain to 
alloying the test wires with Mo, it has been established that alloying the wires with 
single additions or combinations of Cr, Mo, V, W, Hf and Nb produces experimental 
results comparable to the ones provided for Mo. Usually the weight percent of the 
alloying combination did not exceed 1%, and in most cases the weight percent of the 
alloying combination was within the range from about 0.4 to about 0.8 %. 

q [0028] The high fill percentages of the alloying elements in the experimental wires of 

zz Table 1 are significant for achieving improvement of both the deposition rate and the 

Qj wetting action of the molten metal. The deposition rates of 1 2 different test wires 

m according to the compositions listed in Table 2 were measured for the 1 A mm 

J y diameter experimental wires at 350 A, 34V, DCEP, depending on the fill percentage of 

£ the wires. The fill percentages of the wires in Table 2 varied from about 1 2% to about 

H*f 30% for the series of wires alloyed with about 0%, 0.2% and 0.4% of Mo respectively. 

y [0029] Fig. 3 illustrates the results of these measurements of the deposition rates for 
hi experimental wires 067-070, corresponding to the compositions with almost 0% of 

Mo. As follows from Fig. 3, the deposition rate of wire 070 with about 30% core fill is 
about 20 Ib/h, which is much higher than the deposition rate of about 1 5.6 Ib/h of 
wire 060 with only about 1 2% core fill. The observed increase in the deposition rate 
happens due to the increase in electrical resistance of the wire with a higher core fill 
percent. More specifically, the higher core fill provides a higher proportion of the 
metal powder material in the cross-section of the wire relative to the total cross- 
section of the wire. Since the powder metal core wire exhibits higher electrical 
resistance than the wire of the same diameter with a solid metal core, the higher fill 
metal powder core wire generates more heat during the welding process and, 
therefore, leads to the higher deposition rates. It is noted that in the context of the 
present invention the term "solid metal core" means a metal core made of bulk metal 
and not of a compacted metal powder. 
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[0030] In order to provide consistent results in welding processes demonstrating high 

deposition rates and high travel speed, it is important to have a way to determine and 
select the optimized welding parameters for such processes. The parameters of 
interest in the electrical arc welding with consumable electrodes are wire feed speed, 
voltage and travel speed. If non-optimized welding parameters are selected, then a 
high defect rate and low quality of welds are likely to occur. For a fixed size fillet 
welding process, which uses constant voltage, the wire feed speed is usually 
proportional to the wire travel speed, assuming that the deposition efficiency is 
constant. Deposition efficiency refers to a percentage of weight of the wire that is 
actually deposited on the base metal and not lost in slag, sputter or fume. For most 
metal core consumable welding wires the deposition efficiency is usually in the range 
of 90-98%, which may vary slightly during the welding process. Considering an 
illustrative example, for a 1 /8 inch joint fillet weld, the travel speed equals about 20- 
25% of the wire speed and an approximately constant voltage. Figure 2 provides the 
data on the wire feed speed and voltage for a number of listed specimen. Fig. 2 
illustrates the relationship between the optimized voltage and a wire feed speed used 
in the experiments of test wires for 1 .4 mm wires at a fixed arc length of 
approximately 1 /8". Other welding parameters used to obtain the results of Fig. 2 are 
1 /8" lap joint, DCEP, 1 00% CO shielding gas, 1 F electrode position at 1 Sdegrees 
downhill orientation. The length of the arc was calibrated using a high speed CCD 
camera. The quality of the welds obtained after the welding process was performed on 
the specimens in Table 5 is illustrated in Figs. 5(a)-(h). 

[0031 ] An additional way of illustrating the advantage of high core fill metal wires is to 
analyze their droplet transfer frequency during the welding process. The droplet 
transfer frequency is a major index used in evaluating the stability of the arc. A higher 
droplet transfer frequency results in a better stability of the arc, as well as in a better 
convection inside the weld pool, enhanced wetting action of the liquid metal and a 
reduced spatter level of the wire. For the test wires 067-070 of Table 2, the droplet 
transfer frequency has significantly increased with the increase of the core fill 
percentage of the wires, as illustrated in Fig. 4. The droplet frequency data of Fig. 4 
were obtained with a high speed CCD camera, the measurements were taken at 350A, 
43V, DCEP). 
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[0032] As follows from Fig. 4, the overall weldability of the wires is improved by 

increasing their core fill percentage and using the wires of the chemical composition 
described in the present invention. To further illustrate this finding, Table 4. lists the 
data showing the increased deposition rates and welding speeds of the welding 
processes using the experimental wires. The experiments were run for different fill 
percentages of the series of wires having about 0%, 0.2% and 0.4% of Mo. 

[0033] Table 4. Deposition rate and maximum travel speeds of the experimental wires. 
[t4] 



Table 4 





% Mo 


Fill% 


(lb/hr) 


IVIdAII 1 IU 1 1 1 lldVcl speed 

(in/min) 


067 


0.026 


12 


15.6 


80 


Test 
068 


0.027 


18 


16.7 


80 


Test 
069 


0.032 


24 


18.7 


80 


i est 
070 


0.030 


30 


20.0 


100 


Test 
066 


0.219 


12 


15.4 


95 


Test 
056 


0.196 


18 


15.8 


100 


Test 
058 


0.206 


24 


18.2 


140 


Test 
059 


0.192 


30 


19.5 


145 


Test 
071 


0.403 


12 


16.0 


95 


Test 


0.421 


18 


17.1 


110 
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07? 










Test 
073 


0.418 


24 


19.0 


140 


Test 
074 


0.415 


30 


20.8 


140 



[0034] Travel speed measurements in Table 4 were performed according to AWS/ANSI 
D8.8-89 (SAE HSJ1196): Specification for Automotive and Light Truck Components 
Weld Quality- Arc Welding, which specification is incorporated herein by reference. 
Test wire 067 in Table 4 is an example of a conventional metal core wires with! 0-20% 
core fill percent and no alloying element of more than 0.1% other than Mn and Si. Its 
deposition rate is about 1 5.6 Ib/h with a maximum travel speed of 80 in/min. As it 
o can be clearly seen in Table 4, test wire 058, which is an example of the present 

2f invention, exhibits a higher deposition rate of 1 8.2 Ib/h with a much higher 

m deposition speed of 140 in/min (maximum travel speed). Noticeably, the best 

{Z deposition rate and travel speed were exhibited by the test wires combining a high 

f4 core fill percent with an addition of a controlled amount of the alloying element, Mo. 

q [0035] Manufacturing of a metal core wire of the composition and high fill percentage in 
f * accordance with the present invention involves providing a sheath (such as a steel 

y sheath) and forming (often bending) the sheath into a shape that can be filled with a 

5rJ metal powder, such as, for example; iron powder. Often such a shape would be a U- 

shape. The metal powder has a composition alloyed with a single addition or a 
combination of Cr, Mo, V, W, Hf and Nb, which is fed into the sheath. The percentage 
of the combination of the alloying elements usually does not exceed 1%, while the 
preferred percentage falls within the range between about 0.4% and about 0.8%. When 
Mo is used as a single alloying element, its percentage varies from about 0% to about 
0.4%. The subsequent forming and drawing process encloses and compacts the 
powder to form a wire and reduce that wire to its final shape with the core filled 
percentages higher than 12%, as described earlier. 

[0036] 

It has been, therefore, demonstrated that an addition of up to 0.4% of Mo to a 
metal core electrode wire having a core fill percent of more than 1 2% significantly 
increases its deposition rate and travel speed without sacrificing the quality of the 
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resulting weld, resulting in a significant increase of productivity of the welding 
processes. The written description of the invention enables one skilled in the art to 
make and use what is at present considered to be the best mode of the invention, and 
it should be appreciated and understood by those skilled in the art that the existence 
of variations, combinations, modifications and equivalents falls within the spirit and 
scope of the specific exemplary embodiments disclosed herein. It is also to be 
understood that the illustrative examples described herein are not to be construed as 
limiting the present invention in anyway. The objects, features and advantages of the 
present invention as claimed in the appended claims are applicable to all types of 
metal core wires, such as low carbon metal core, stainless steel metal core and low 
alloy metal core wires. 
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